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HEAT EXCHANGER THERMAL INDICATOR 
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FIELD OF INVENTION 



This invention relates generally to the field of heat exchangers and, more 
particularly, to an indicator disposed within the heat exchanger capable of providing an 
indication of whether the heat exchanger is being used within a defined operating condition. 
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temperature of a fluid or gas being directed therethrough. Most commonly, heat exchangers 
are used to reduce the temperature of a fluid being passed through it so that the cooled fluid 

15 or gas can be used for another purpose. Heat exchangers can be used in conjunction with 

used with internal combustion engines, for example, to reduce the temperature of an exhaust 
gas stream from an exhaust gas recirculation (EGR) system before being directed into the 
engine's intake system for combustion, and to reduce the temperature of a pressurized intake 
air charge in a turbocharged or supercharged system before being directed into the engine's 

20 intake system for combination. 

Heat exchanger's used for these purposes can make use of air or a liquid as the 
needed cooling medium, can be configured having a single pass or multi-pass arrangement of 
passages through which the entering hot side fluid or gas and entering cold side fluid undergo 
heat exchange. Regardless of the particular heat exchanger construction, all heat exchangers 

2 5 are designed to provide a desired degree of performance within a defined set or operating 

parameters. These operating parameters typically include the entering hot side fluid or gas 
temperature and pressure, and the entering cold side fluid temperature and pressure. 
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BACKGROUND OF THE INVENTION 



Heat exchangers are well know devices that are used to reduce or increase the 
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The service life of a heat exchanger is greatly influenced by the operating 
parameters and conditions that it is subjected to. Perhaps the most critical heat exchanger 
operating parameter is that of the entering hot side fluid or gas temperature. It is well know 
for heat exchangers to prematurely fail in service when they have been placed in a service 
where the temperature of the entering hot side fluid exceeds the design temperature. This 
type of heat exchanger failure can occur over a period of time or can occur instantly, 
depending on the extent to which the temperature exceeds the design temperature, and 
depending on whether exposure to the temperature increase is something that is cyclic or 
steady over time. 

Since there is typically no way of monitoring or determining the temperature 
of an entering fluid or gas stream directed into a heat exchanger placed into use with an 
internal combustion engine, a user often does not know what caused the heat exchanger to 
fail. Therefore, once a heat exchanger does fail, the user often goes back to the manufacturer 
to make a warranty claim. Because it is often difficult for a manufacturer to determine the 
exact cause of the heat exchanger failure, for the purpose of maintaining customer relations, 
many manufacturers honor the claim. This occurs despite the fact that the manufacturer may 
suspect that the heat exchanger has been misused or abused because it is difficult if not 
impossible to prove. 

Attempts have been made to address this problem in the form of using 
inexpensive instrumentation to monitor or determined the temperature of the incoming hot 
side fluid stream. Such instrumentation have been configured to monitor the surface 
temperature of a portion of the heat exchanger or portion of the hot side fluid inlet. However, 
these external measurement devices do not provide an accurate indication of the temperature 
seen within the heat exchanger and do not provide an indication of spike or sudden 
temperature increases, thus have not proven to be that effective. 

It is, therefore, desirable that a device be configured that is capable of 
providing an indication of the operating temperature within a heat exchanger to determine 
whether the heat exchanger has been subjected to an operating temperature beyond its design 
temperature. It is further desired that the device be configured in such a manner as to provide 
a fool proof means of indicating the design temperature has been exceeded to enable the heat 
exchanger manufacture to know with certainty that the heat exchanger has been subjected to 



an operating temperature greater than the design temperature. 
SUMMARY OF THE INVENTION 

Thermal indicators of this invention are constructed for use with a heat 
exchanger for the purpose of providing a tell tale indication of whether the heat exchanger has 
been placed into a service and subjected to an operating temperature above a predetermined 
design temperature. The thermal indicators or thermal abuse indicators can be used with heat 
exchangers comprising a hot side passage for accommodating passage of a relatively hot fluid 
or gas therethrough, and a cold side passage for purpose of accommodating passage of a 
relatively cold fluid or gas therethrough. The hot and cold side passages are configured to 
permit heat transfer therebetween. 

The thermal indicator is disposed at least partially within the heat exchanger 
and is formed from a material designed to undergo a permanent physical change when 
exposed to a temperature that is above a heat exchanger design operating temperature. The 
thermal indicator can be positioned in communication with fluid or gas within the hot or cold 
side passages, depending on the particular application. 

The thermal indicator can be formed from materials selected from the group 
consisting of polymers, composite, ceramics, cermets, metals, metal alloys and mixtures 
thereof. In an example embodiment, the thermal indicator is formed from a metal or metal 
alloy selected from the group consisting of Ag, Cu, Li, Zn, Pd, Ni, Sn, Mn, In, Dc, P, Al, Au 
and mixtures thereof_The choice of material selected will ultimately depend on the particular 
thermal indicator means application., 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood with reference to the following 
drawings wherein: 

FIG. 1 is a schematic side view of a heat exchanger comprising a thermal 
indicator constructed in accordance with the practice of this invention; and 

FIG 2. is a schematic front view of the heat exchanger of FIG. 1, illustrating 
placement of the thermal indicator across a hot side inlet of the heat exchanger. 



DETAILED DESCRIPTION OF THE INVENTION 

The invention, constructed in accordance with the principles of this invention, 
generally comprises a thermally-sensitive indicator, i.e., a thermal indicator, that is 
configured to be disposed within the heat exchanger, and that is capable of undergoing a 
physical change when exposed to a predetermined temperature above the heat exchanger 
operating design temperature. In an example embodiment, the indicator is provided in the 
form of an element that is disposed within a portion of the heat exchanger exposed to entering 
hot or cold side fluid or gas, and that is designed to melt or otherwise physically deform when 
subjected to a predetermined temperature. Configured in this manner, the indicator functions 
to provide a heat exchanger manufacture with a tell tale sign as to the cause of any resulting 
heat exchanger failure. 

FIG. 1 illustrates an example heat exchanger 10, useful for embodying a 
thermal indicator of this invention, comprising a core 12 having a plurality of heat transport 
passages (not shown) therethrough. In this particular embodiment, the heat exchanger 
includes a hot side fluid or gas inlet manifold 14 for receiving and directing hot fluid or gas 
into the core and through the passages, and a hot side fluid or gas outlet manifold 16 or 
receiving fluid or gas that has been cooled for removal from the heat exchanger. A cold side 
fluid inlet manifold 18 and a cold side fluid outlet manifold 20 are attached at opposite ends 
of the core for providing cooling fluid to the core via cold side passages, to effect cooling of 
the hot side fluid as it is passed through the core, and for receiving and removing cooling 
liquid from the core after it has been heated by the hot side fluid. 

Configured in this manner, the hot side fluid or gas entering the heat 
exchanger via the inlet manifold 1 4 passes through the heat exchanger passages, and in doing 
so is cooled by heat transfer from the cooling fluid being passed through the core from the 
cooling fluid inlet 18 to the cooling fluid outlet 20. Cooled hot side fluid or gas is then 
collected by the hot side fluid or gas outlet manifold 16 for removal from the heat exchanger. 

It is to be understood that the heat exchanger described above and illustrated in 
FIG. 1 is but one type of heat exchanger, e.g., a core and tank heat exchanger, that can be 
used in association with thermal indicators of this invention, and that thermal indicators of 
this invention can be equally well suited for use with other well known types of heat 
exchanges, e.g., those having a tube and shell construction, stacked plate construction, and/or 
having an arrangement of plates and bars and the like. Generally speaking, thermal indicators 



of this invention can be used in any type of heat exchanger that has sufficient spacewithin a 
portion of the hot side fluid or gas inlet and/or cold side fuild or gas inlet to permit its 
presence. 

As mentioned previously, it is well known that there are instances where the 
hot side fluid or gas entering the heat exchanger is provided at a temperature that is greater 
than the design temperature of the heat exchanger. This can occur for a number of reasons, 
such as by malfunction or tuning of the engine to produce a fluid or gas having a temperature 
that exceeds the original design, which can cause either a sudden temperature spike or a 
continuous high temperature. In either case, exposure to such elevated temperature outside of 
the heat exchanger design is known to cause mechanical damage to the heat exchanger, 
thereby reducing its effective service life. 

Thermal indicators of this invention are constructed for placement within a 
heat exchanger for the purpose of providing a tell tale sign of when the heat exchanger has 
been exposed to a temperature that exceeds its design temperature. In an example 
embodiment, the indicator is configured to undergo a physical change when exposed to a 
temperature above the heat exchanger design temperature, which change shall be permanent 
and irreversible for purposes of confirming upon inspection of the heat exchanger that it had 
been subjected to temperatures above design. Accordingly, thermal indicators of this 
invention can generally be thought of as thermal abuse indicators as they are specifically 
designed to provide an indication of abuse caused by excessive thermal energy. 

Thermal indicators of this invention are configured to permit their placement 
within a portion of the heat exchanger adjacent the or cold side fluid or gas inlet. In an 
example embodiment, thermal indicators of this invention are used to determine whether the 
fluid or gas entering the hot side gas inlet is provided at temperatures in excess of the heat 
exchanger design. It is, however, to be understood that thermal indicators of this invention 
can be placed adjacent any fluid or gas entry or outlet to provide a tell tale sign of whether the 
fluid or gas that has entered or exited the heat exchanger was within the design criteria. The 
thermal indicator can be connected within the heat exchanger so that either a portion of or the 
entire indicator is placed into contact with the entering hot side fluid or gas inlet stream. In 
an example embodiment, the thermal indicator is provided as an element that is made from a 
material that itself is designed to melt or otherwise undergo an irreversible 
mechanical/physical change when subjected to a predetermined temperature. Ideally, the 



material that is used to form thermal indicators of this invention have a sufficient mechanical 
strength at the heat exchanger design temperatures so that the thermal indicator can be 
retained within the heat exchanger without changing form, becoming damaged, or otherwise 
becoming unable to provide an indication of excessive thermal energy. 

Materials useful for forming thermal indicators of this invention include those 
selected from the group consisting of polymers, composite, ceramics, cermets, metals, metal 
alloys and mixtures thereof. Again, a feature of any material that is chosen to form the 
thermal indicator is that it be capable of retaining its form when exposed to heat exchanger 
design temperatures, and be capable of undergoing a mechanical/physical change when 
exposed to temperatures above a designated design temperature. 

It is desired that thermal indicators of this invention, configured for use with a 
hot side fluid or gas passage of heat exchangers placed into service with an internal 
combustion engine, operate within a relevant temperature range of from 200 °C to 800 °C. 
It is to be understood that the heat exchanger design temperature for a particular heat 
exchanger will vary depending on the particular heat exchanger application, and so too will 
the indication temperature of the thermal indicator. For example, the design temperature for a 
particular heat exchanger may be from 315 °C to 650 °C, and the thermal indicator 
temperature will be at some amount over 650 °C, e.g., be 695 °C. Thus, the thermal indicator 
placed into use for this particular heat exchanger would be capable of withstanding prolonged 
exposure to entering hot side fluid or gas within the design temperature of from 315 °C to 650 
°C without mechanically/physically changing. 

While the temperature ranges for hot side fluid or gas passages within a heat 
exchanger, and for thermal indicators used in conjunction therewith, have been specifically 
described above, it is to be understood that thermal indicators of this invention can also be 
used within the cold side fluid or gas passage of a heat exchanger. In such application, the 
relevant temperature range may be approximately 95 °C. In such application, the thermal 
indicator would be formed from a material capable of undergoing a physical. mechanical 
change at a temperature somewhat higher than 95 °C. In an example embodiment, the 
thermal indicator can be formed from a metal or metal alloy material selected from the group 
of metals consisting of Ag, Cu, Li, Zn, Pd, Ni, Sn, Mn, In, Dc, P, Al, Au and mixtures 
thereof. In a preferred embodiment, the metal alloy is one comprising Ag, Cu, Zn and Pd. In 
a particularily preferred embodiment, the metal alloy comprises approximately 50 percent by 



weight Ag, 20 percent by weight Cu 5 28 percent by weight Zn, and 2 percent by weight Pd 
based on the total weight of the metal alloy. This particular metal alloy is one useful for a 
heat exchanger having the design temperature described above, and is designed to undergo 
mechanical/physical change at a temperature of above 650 °C. 

FIG. 2 shows the heat exchanger 10 of FIG. 1 as rotated to look into a throat 
section 22 of the hot side fluid or gas inlet manifold 14. A thermal indicator 24 is positioned 
within the heat exchanger to be contacted with an entering hot side fluid or gas inlet stream. 
It will be understood that the indicator should be positioned at a point in the heat exchanger 
where it will experience the highest temperature possible. In a preferred embodiment, the 
indicator is positioned directly in the incoming fluid stream across the hot gas inlet, e.g., it is 
placed across the hot side fluid or gas inlet throat section 22. 

In an example embodiment, the thermal indicator 24 is provided in the shape 
of a element, e.g., a strip, a disk, a wafer or the like of a preselected material formed from one 
of the suitable materials noted above, e.g., a metal alloy specifically chosen for its melting 
temperature properties. The thermal indicator can be welded or otherwise bonded or adhered 
inside the heat exchanger. The melting temperature of the alloy should be at or above the 
predetermined maximum operating limit or critical temperature of the heat exchanger. The 
melting temperature can be controlled by careful choice of the material used to form the alloy 
and/or the respective amounts of the materials used to form the alloy. If the heat exchanger 
has been exposed to an operating temperature above the design operating limit or critical 
temperature, then the alloy will melt and thereby provide a visual indication that the this 
predetermined critical temperature has been exceeded. 

While a particular example embodiment of a heat exchanger comprising a 
thermal indicator has been described and illustrated, it is to be understood that thermal 
indicators of this invention can be configured other than described and illustrated, to work 
with heat exchangers that may be different than that specifically described and illustrated. 
For example, instead of a separate element, the thermal indicator can be provided in the form 
of a integral part of the heat exchanger itself. For example, one of the tube passages formed 
within the heat exchanger can be made from a material designed to provide some type of 
visual indication of exposure to thermal energy about a predetermined critical temperature. It 
may or may not provide this indication in combination with presenting a failure mode. 



A key feature of thermal indicators of this invention as used with heat 
exchangers is that they are specifically constructed to undergo permanent 
physical/mechanical change in response to a predetermined critical temperature to provide a 
visual indication that the heat exchanger has been exposed to operating conditions beyond 
design. Constructed in this manner, thermal indicators of this invention provide an important 
tool in helping to understand the cause of a heat exchanger failure. 

Having now described the invention in detail as required by the patent statutes, 
those skilled in the art will recognize modifications and substitutions to the specific 
embodiments disclosed herein. Such modifications are within the scope and intent of the 
present invention. 
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